OPTICAL CONNECTOR 



Field of the Invention 

The present invention relates to an optical connector 
mounted and arranged in e.g., a vehicle, and used in optical 
communication within the vehicle. 

Background of the Invention 

Intelligence technologies of a vehicle has been recently 
developed rapidly. For example, a vehicle position is 
displayed on a map by using a car navigation system. Further, 
management such as snarl dissolution of the vehicle is 
performed by utilizing an ITS (Intelligent Transport Systems) . 
In accordance with such intelligence technologies, a 
processing amount of communication information such as data, 
images and voices within the vehicle has increased. 

Therefore, the optical communication using an optical 
fiber as an information transmitting medium of large capacity 
has been performed within the vehicle such as an automobile. 
This optical communication is performed by making light emitted 
from a light emitting element incident to one end side of the 
optical fiber, and propagating this light in the optical fiber, 
and receiving this propagated light by a light receiving 
element arranged on the other end side of the optical fiber. 
An optical connector is generally used when the optical fiber 



is connected to an optical element such as the light emitting 
element and the light receiving element. 

A plastic optical fiber has a large aperture and is easily 
treated in comparison with a glass optical fiber. Therefore, 
the plastic optical fiber is often applied as an optical fiber 
for the communication within the vehicle. 

Summary of the Invention 

An optical connector of the present invention comprises: 
a receptacle connector; and 

a plug connector fitted to the receptacle connector; 

wherein a connecting end face side of a multimode optical 
fiber is fixed to the plug connector; and 

a light emitting element having a radiation numerical 
aperture larger than the numerical aperture of the multimode 
optical fiber, and a convergent lens for converging light 
emitted from the light emitting element so as to provide an 
incident numerical aperture smaller than the numerical 
aperture of the multimode optical fiber and making this light 
incident to the multimode optical fiber are arranged in the 
receptacle connector. 

Brief Description of the Drawings 

Exemplary embodiments of the invention will now be 
described in conjunction with drawings, in which: 



Fig. 1 is a main constructional view showing one 
embodiment of an optical connector in the invention in a 
disassembly state. 

Fig. 2K is a sectional explanatory view showing a 
receptacle connector applied to the above embodiment. 

Fig. 2B is a perspective explanatory view showing the 
receptacle connector applied to the above embodiment . 

Fig. 3A is a side explanatory view of a convergent lens 
arranged in the optical connector of the above embodiment. 

Fig. 3B is a front explanatory view of the convergent 
lens arranged in the optical connector of the above embodiment. 

Fig. 4A is an explanatory view of a metal case arranged 
in the optical connector of the above embodiment. 

Fig. 4B is an explanatory view showing an example of the 
metal case arranged in another embodiment of the optical 
connector of the invention. 

Fig. 5 is an explanatory view of a plastic optical fiber. 

Fig. 6 is a plan explanatory view of a plug connector 
applied to the above embodiment. 

Fig. 7 is a graph showing a radiating pattern of a light 
emitting element applied to the above embodiment. 

Fig. 8 is a graph showing transmission loss of the optical 
connector of the above embodiment due to bending together with 
transmission loss due to bending in an optical connector formed 
without arranging a lens. 
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Fig. 9 is a graph showing a difference in coupling loss 
due to the difference in end face distance between the optical 
fiber of the optical connector of the above embodiment and an 
optical fiber on a connecting partner side in comparison with 
a case in which no lens is arranged. 

Fig. 10 is a graph showing the difference in coupling 
loss due to an axial shift amount between the optical fiber 
of the optical connector of the above embodiment and the optical 
fiber on the connecting partner side in comparison with the 
case in which no lens is arranged. 

Fig, 11 is a graph showing the difference in transmission 
light intensity due to the axial shift amount between the 
optical fiber of the optical connector of the above embodiment 
and a light emitting element in comparison with the 
transmission light intensity in an optical connector formed 
by arranging a short optical fiber between the light emitting 
element and the optical fiber. 

Fig. 12R is an explanatory view showing one example of 
an optical connector conventionally proposed in a disassembly 
state. 

Fig, 12B is a side view showing one example of the optical 
connector conventionally proposed. 

Detailed Description 

When optical communication is performed within a vehicle 
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such as an automobile, coupling loss is caused in a connecting 
portion of an optical fiber (plastic optical fiber) and bending 
loss is caused in a bending portion of the plastic optical fiber . 
When these losses are large, the problem that no light can be 
sufficiently transmitted from a light transmitting element to 
a light receiving element is caused. 

Therefore, for example, it is considered to reduce the 
coupling loss by improving the size accuracy of an optical 
connector. However, when the size accuracy of the optical 
connector is improved, its price is raised. It is required 
that the optical connector for an automobile is set to a cheap 
connector having excellent mass productivity. Therefore, the 
rise in price due to the improvement of the size accuracy is 
a problem. 

It is also considered to improve the coupling loss by 
mutually pressing connecting end faces of the plastic optical 
fibers using an elastic body such as a spring. However, when 
the number of parts such as a spring is increased, an assembly 
working property of the optical connector gets worse . Further, 
when the spring, etc. are arranged, the elastic body such as 
the spring is contracted when tensile force is applied to the 
plastic optical fiber. Therefore, the distance between the 
plastic optical fibers is correspondingly widened so that the 
coupling loss is increased. Accordingly, it is not preferable 
to arrange the elastic body such as the spring. 
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When the automobile is assembled, a worker often connects 
the optical connector in groping instead of connection made 
by seeing a connecting end face of the optical fiber. 
Therefore, there is a fear that the end face of the plastic 
optical fiber arranged in the optical connector is damaged. 
Therefore, the following optical connector end face protection 
was proposed, but was not preferable. 

Namely, for example, in Japanese Patent Laid-Open Nos. 
11628/1994 and 248264/1996, it is proposed that a shutter 
opened and closed at a fitting time of the optical connector 
is arranged on an end face side of the optical fiber. However, 
in such a construction, the number of parts is increased, and 
structure becomes complicated so that it is difficult to 
realize a cheap optical connector. 

Further, an optical connector as shown in Figs. 12A and 
12B is proposed. This proposed optical connector is 
constructed such that a receptacle connector 1 for storing an 
optical element and a plug connector 2 for fixedly inserting 
a plastic optical fiber 3 are fitted to each other. In this 
proposed optical connector, a short optical fiber 30 shortly 
cut is arranged on a connecting end face side of the optical 
element. A connecting end face 27 of the plastic optical fiber 
3 fixedly inserted into each of ferrules 43, 44 is arranged 
in a position deeper than a connecting end face 28 of the plug 
connector 2, 
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In Figs. 12A and 12B, reference numerals 49, 53 
designates back caps, and reference numerals 51 and 52 
respectively designate an elastic body and a coil spring. 

However, in the construction shown in Figs. 12A and 12B, 
the number of connection portions of the short optical fiber 
30 and the plastic optical fiber 3 is increased, and this 
increase causes an increase in coupling loss. Further, since 
this proposed construction uses the coil spring 52, this 
construction is not preferable as mentioned above. 

One aspect of an optical connector of the present 
invention is an optical connector in which no large optical 
transmission loss is generated even when bending of an optical 
fiber fixedly inserted into the optical connector, and a 
position shift in connection of this optical fiber to another 
optical fiber are caused more or less. Further, the optical 
connector of the invention is simply constructed and cheaply 
manufactured. 

An embodiment of the invention will next be explained 
on the basis of the drawings. In the explanation of one 
embodiment, the same term portions as the example explained 
so far are designated by the same reference numerals, and their 
overlapping explanations are omitted here. Fig. 1 shows one 
embodiment of the optical connector in the invention by a 
perspective view in a disassembly state. 

As shown in Fig. 1, the optical connector of one 



embodiment has a receptacle connector 1 and a plug connector 
2 fitted to this receptacle connector 1. A plug connector 
fitting portion 31 of a box shape with a front end as an opening 
50 is formed in the receptacle connector 1 . The plug connector 
2 is fitted to this plug connector fitting portion 31. 

Connecting end face sides of a first multimode optical 
fiber 12 and a second multimode optical fiber 13 are fixedly- 
arranged side by side in the plug connector 2. These multimode 
optical fibers 12, 13 are plastic optical fibers having 1 mm 
in diameter as shown in Fig. 5. The multimode optical fibers 
12, 13 are step index optical fibers made cheaply and easily. 

The plastic optical fiber is generally formed by covering 
the outer circumferential side of an optical fiber element wire 
45 with a primary coating 46, and further covering its outer 
circumference with a secondary coating 47. In one embodiment 
of the optical connector, the multimode optical fibers 12, 13 
each constructed by the plastic optical fiber of such a 
construction are respectively inserted into ferrules 43, 44 
shown in Fig. 6 and are fixed to the plug connector 2 in a 
removing state of the secondary coating 47 of each of the 
multimode optical fibers 12, 13. As shown in Fig. 6, a 
connecting end face 29 of each of the multimode optical fibers 
12, 13 is arranged in a position deeper than a connecting end 
face 28 of the plug connector 2. 

A lock arm 25 is extended and formed on a side face 26 



8 



of the plug connector 2 such that the lock arm 25 is directed 
to a side of the connecting end face 29 of the plug connector 
2, A claw portion 24 is formed in an intermediate portion of 
the lock arm 25. When the plug connector 2 is inserted into 
the receptacle connector 1, the claw portion 24 is fitted to 
a claw fitting portion 23 formed in the plug connector fitting 
portion 31 of the receptacle connector 1 so that an extraction 
preventing state is set. 

The receptacle connector 1 is formed by PBT (polybutylene 
terephthalate) including a carbon filler as electroconductive 
resin. As shown in Figs. 1, 2A and 28, a storing portion 32 
of an optical element is arranged in the receptacle connector 
1. A light emitting element 10 having a radiation numerical 
aperture larger than the numerical aperture of the multimode 
optical fiber 12 is arranged in this storing portion 12. This 
light emitting element 10 and a light receiving element 11 are 
arranged side by side- 

As shown in Fig. 2B, a notch 38 is formed on a side face 
of the storing portion 32 . This notch 38 is formed to uppermost 
portions of terminals 20, 21 of the light emitting element 10 
and the light receiving element 11 stored to the storing portion 
32 so that no terminals 20, 21 come in contact with the storing 
portion 32. 

Thus, in the construction having the notch 38, it is 
possible to restrain the terminals 20,21 from coming in contact 



with the receptacle connector 1 by blowing-up of solder, 
deformation, etc- Further, in the construction forming the 
notch in the storing portion 32, disadvantages due to the 
contact of the terminals 20, 21 and the storing portion 32 
constructed by electroconductive resin can be restrained. 

The light emitting element 10 is a light emitting diode 
(LED), and its radiation numerical aperture (NA-a) is 0.87. 
Fig. 7 shows a radiating pattern o£ this light emitting element 
10. 

A convergent lens 8 is arranged in the receptacle 
connector 1. The convergent lens 8 converges light emitted 
from the light emitting element 10 so as to provide an incident 
numerical aperture (0.25) smaller than the numerical aperture 
{NA=j3=0.5) of the multimode optical fiber 12, and makes this 
light incident to the multimode optical fiber 12. As shown 
in Figs, 3A and 3B, the convergent lens 8 is a lens molded by 
transparent resin, and is fixed to a flange 14 for fixation. 
A fitting error preventing key 15 is arranged in the flange 
14 for fixation so as to precisely arrange the convergent lens 
8. 

The convergent lens 8 has aspherical surfaces 41 and 42. 
As shown in Fig. 2A, with respect to the convergent lens 8, 
a side of the aspherical surface 41 is opposed to the light 
emitting element 10, and a side of the aspherical surface 42 
is opposed to the side of a sleeve 48, This sleeve 48 guides 
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the ferrule 43 of the plug connector 2, and axially aligns the 
multimode optical fiber 12 and the light emitting element 10. 

An unillustrated sleeve arranged side by side with the 
sleeve 48 is arranged on a side of the light receiving element 
11. The sleeve on this side of the light receiving element 
11 has a function for guiding the ferrule 44 of the plug 
connector 2, and axially aligning the multimode optical fiber 
13 and the light receiving element 11, An optical connection 
mediation fiber 9 is arranged between the light receiving 
element 11 and the sleeve on this side of the light receiving 
element 11 (on a light incident side of the light receiving 
element 11) . The optical connection mediation fiber 9 is 
formed by a plastic optical fiber. 

Further, a metal case 6 for fixing an optical element 
(the light emitting element 10 and the light receiving element 
11} stored to the receptacle connector 1 is arranged. This 
metal case 6 is arranged in a mode covering the storing portion 
32 of the receptacle connector 1, and a terminal portion 40 
for ground is formed in the metal case 6. 

For example, the metal case 6 is formed by bending 
processing of a metallic plate of .brass. As shown in Fig. 1, 
plural projecting portions 16 are formed on the surface of a 
wall 39 of the metal case 6. As shown in this figure, the metal 
case 6 is attached to the receptacle connector 1 from an upper 
side of the receptacle connector 1, and the wall 39 is inserted 



11 



into a groove 37 of the receptacle connector 1. Thus, the 
projecting portions 6 bites into the receptacle connector 1 
so that the metal case 6 is electrically connected to the 
receptacle connector 1. Plating of tin, nickel,, gold, solder, 
etc. is performed on the surface of the metal case 6 to mainly 
prevent corrosion. 

As shown in Fig. 4A, a spring mechanism for biasing each 
of the light emitting element 10 and the light receiving element 
11 on a side of the plug connector fitting portion 31 is arranged 
on a face 17 of the metal case 6 on its optical element fixing 
side. In this spring mechanism, a slit 18 transversally having 
a U-shape is formed on the face 17 of the optical element fixing 
side, and a convex portion 19 projected onto a face side 
abutting on the light emitting element 10 and the light 
receiving element 11 is formed. 

The spring mechanism has a function for absorbing the 
difference in size error between the light emitting element 
10, the light receiving element 11 and the storing portion 32 
of the receptacle connector 1 by the above biasing force, and 
precisely fixing the light emitting element 10 and the light 
receiving element 11 to the storing portion 32. 

One embodiment of the optical connector is constructed 
as mentioned above. In one embodiment, as shown in Fig. 1, 
the plug connector 2 is inserted and fitted into the plug 
connector fitting portion 31 of the receptacle connector 1. 
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Thus, the claw portion 24 of the plug connector 2 is fitted 
to the claw fitting portion 23 of the receptacle connector 1 
so that an extraction preventing state is set. The multimode 
optical fibers 12 and 13 fixed to the plug connector 2 are 
respectively optically connected to the light emitting element 
10 and the light receiving element 11 stored to the receptacle 
connector 1. 

In this optical connection, since the convergent lens 
8 is arranged on an emitting side of the light emitting element 
10 in the receptacle connector 1, the convergent lens 8 plays 
the following role. Namely, the convergent lens 8 converges 
light emitted from the light emitting element 10 so as to 
provide an incident numerical aperture smaller than the 
numerical aperture of the multimode optical fiber 12, and makes 
this light incident to the multimode optical fiber 12. 

A refraction angle becomes appropriate by the above 
function of the convergent lens 8 when light is propagated 
within the multimode optical fiber 12 while this light is 
refracted. Therefore, no bending loss is increased even when 
bending of the multimode optical fiber 12 is caused. Further, 
when the multimode optical fiber 12 is connected to another 
optical fiber, no large transmission loss is caused even when 
positions of the optical fibers are more or less shifted from 
each other. This was clarified by an experiment by the present 
inventors - 
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A characteristic line a of Fig. 8 shows measuring results 
of the optical transmission loss due to the bending when the 
multimode optical fiber 12 is set to 5 m in length and is 
actually bent 90° in one embodiment, A bending radius of the 
above 90° bending is set to 10 mm, 15 mm, 20 mm and 25 mm. A 
characteristic line b of this figure shows the optical 
transmission loss when a conventional optical connector having 
no convergent lens 8 is similarly bent. 

As shown by the characteristic line a of Fig. 8, the 
optical transmission loss in one embodiment is very small by 
arranging the convergent lens 8 in comparison with the results 
of the characteristic line b of this figure in which no 
convergent lens 8 is arranged. In particular, when the bending 
radius is 10 mm, the optical transmission loss can be reduced 
by 0.7 dB in comparison with the optical connector using no 
convergent lens 8. 

Further, the present inventors measured coupling loss 
(transmission loss due to connection) as follows when the 
multimode optical fiber 12 is connected to an optical fiber 
(plastic optical fiber) on a connecting partner side. As a 
result, it has been confirmed that the coupling loss can be 
reduced by using the optical connector of one embodiment in 
any case. 

For example, the multimode optical fiber 12 arranged in 
the optical connector of one embodiment and the optical fiber 
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on the connecting partner side are arranged so as not to be 
axially shifted from each other. In this state, the distance 
between end faces of the optical fibers is increased until 0.5 
mm by every 0.1 mm. When the coupling loss at this time is 
measured, results shown by a characteristic line a of Fig. 9 
are obtained. A characteristic line b of this figure shows 
results similarly considered with respect to the multimode 
optical fiber 12 of the optical connector having no convergent 
lens 8. 

The transmission loss is also measured when the end face 
distance between the multimode optical fiber 12 arranged in 
the optical connector of one embodiment and the optical fiber 
on the connecting partner side is set to 0 . 5 mm, and the aKial 
shift between the optical fibers is changed from 0.05 mm to 
0.3 mm. Results of this measurement are shown by a 
characteristic line a of Fig. 10. A characteristic line b of 
this figure shows results similarly considered with respect 
to the multimode optical fiber 12 of the optical connector 
having no convergent lens 8. The axial shift is shown by a 
coordinate position in which nonexistence of the axial shift 
is set to a reference (0) . 

When the optical connector- is applied to optical 
communication for a vehicle, it is required that the coupling 
loss of the optical fibers is set to not more than 2 dB. As 
can be seen from Fig. 10, in the conventional example in which 
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no convergent lens 8 is arranged, it is necessary to set the 
axial shift of the optical fibers to lie within ±0.05 mm to 
satisfy this requirement. Accordingly, it is difficult to 
realize this requirement. 

In contrast to this, if the optical connector of one 
embodiment is applied, it is sufficient to set the axial shift 
of the optical fibers to lie within about ±0.25 mm to satisfy 
the above requirement. Namely, it has been confirmed that no 
large transmission loss is caused and it is suitable for the 
optical communication for a vehicle by applying the optical 
connector of one embodiment even when the axial shift of the 
optical fibers is caused more or less. 

A characteristic line a of Fig. 11 shows the relation 
of an axial shift amount and transmission light intensity when 
the multimode optical fiber 12 and the light emitting element 
10 are axially shifted on purpose in the optical connector of 
one embodiment. Similar to Fig. 10, the axial shift amount 
is shown by a coordinate position in Fig. 11. 

A characteristic line b of Fig. 11 shows results 
similarly considered when a short optical fiber 30 is 
interposed between the light emitting element 10 and the 
multimode optical fiber 12 as a comparison example of the one 
embodiment. Each of transmission light intensities shown by 
these characteristic lines a, b shows a measuring value of 
output light from the multimode optical fiber 12 having 5 m 
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in length. 

As can be seen from the characteristic line b of Fig. 
11, even when the light emitting element 10 and the multimode 
optical fiber 12 are connected to each other through the short 
optical fiber 30, the optical transmission loss is large when 
the multimode optical fiber 12 and the short optical fiber 30 
are connected in an axial shifting state. 

In contrast to this, as shown by the characteristic line 
a of Fig. 11, no large transmission loss is caused by applying 
the optical connector of one embodiment (i.e., arranging the 
convergent lens 8 between the light emitting element 10 and 
the multimode optical fiber 12) even when the axial shift of 
the multimode optical fiber 12 and the convergent lens 8 is 
caused more or less. It has been confirmed by the above 
consideration that the optical connector of one embodiment is 
suitable for the optical communication for a vehicle. 

Further, the one embodiment is simply constructed such 
that the plug connector 2 fixedly inserting the multimode 
optical fibers 12, 13 thereinto is fitted to the receptacle 
connector 1 having a simple construction in which the 
convergent lens 8 is arranged on an emitting side of the light 
emitting element 10. Therefore, the one embodiment can 
realize a cheap optical connector. 

Further, in the optical connector of one embodiment, the 
spring mechanism for biasing each of the light emitting element 
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10 and the light receiving element 11 on a side of the plug 
connector fitting portion 31 is arranged on the face 17 of the 
metal case 6 on its optical element fixing side arranged on 
a side of the receptacle connector 1. The spring mechanism 
can absorb errors in sizes of the light emitting element 10, 
the light receiving element 11 and the storing portion 32 of 
the receptacle connector 1. Accordingly, the optical 
connector of one embodiment can precisely fix the light 
emitting element 10 and the light receiving element 11 to the 
storing portion 32. 

Accordingly, in the optical connector of one embodiment, 
it is not necessary to set the sizes of the light emitting 
element 10, the light receiving element 11 and the receptacle 
connector 1 with very high precision so that the optical 
connector can be further cheaply manufactured. 

Further, as shown in Fig. 4A r in the spring mechanism, 
the slit 18 of a U-shape is formed on the face 17 of the optical 
element fixing side of the metal case 6, and the convex portion 
19 projected on a face side abutting on the light emitting 
element 10 and the light receiving element 11 is formed. 
Namely, no elastic body such as, a coil spring is arranged 
separately from the metal case 6 in the spring mechanism. 
Therefore, in one embodiment, the number of parts is not 
increased by arranging the spring mechanism, and the light 
emitting element 10 and the light receiving element 11 can be 
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very easily fixed. 

The spring mechanism desirably presses the extension of 
a line connecting the convergent lens 8, the optical connection 
mediation optical fiber 9 and the optical element {the light 
emitting element 10 and the light receiving element 11) . 
Therefore, in one embodiment, as shown in Fig. 4A, the slit 
IB is formed such that a longitudinal direction of the slit 
18 is a transversal direction (horizontal direction) , and the 
extension is pressed by the spring mechanism in an appropriate 
position. 

When the slit 18 is formed such that the longitudinal 
direction of the slit 18 is the transversal direction, the 
length of the slit 18 in its longitudinal direction can be 
lengthened in comparison with a case in which the slit 18 is 
formed such that the longitudinal direction of the slit 18 is 
a lengthwise direction as shown in Fig. 4B. Accordingly, a 
moderate spring pressure can be obtained. 

Further, in one embodiment, each of the multimode optical 
fibers 12, 13 is arranged in a position deeper than the 
connecting end face of the plug connector 2 . Accordingly, the 
optical connector of one embodiment can prevent the connecting 
end faces of the multimode optical fibers 12, 13 from being 
damaged at a treating time of the plug connector 2. Namely, 
in the one embodiment, it is possible to improve yield of the 
optical connector in which the plug connector 2 is fitted to 
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the receptacle connector 1, 

Further, in the one embodiment, the optical connector 
is constructed by arranging the light emitting element 10 and 
the light receiving element 11 side by side. Therefore, in 
the optical connector of one embodiment, the light emitting 
element 10 and the light receiving element 11 corresponding 
to the multimode optical fibers 12, 13 can be optically 
collectively connected by fitting the plug connector 2 to the 
receptacle connector 1. Accordingly, it is possible to 
realize both a reduction in the number of connector parts and 
the improvement of a connector connecting work property. 

Further, in the one embodiment, the optical mediation 
connecting fiber 9 is arranged on an incident side of the light 
receiving element 11, In this connection, coupling loss of 
the light receiving element 11 and the multimode optical fiber 
13 can be reduced in comparison with a case in which the light 
receiving element 11 and the multimode optical fiber 13 are 
connected in a large separating state. 

The invention is not limited to the above embodiment, 
but various embodiment modes can be adopted. For example, in 
the one embodiment, the optical mediation connecting fiber 9 
is arranged on the incident side of the light receiving element 
11, but a lens maybe arranged instead of the optical mediation 
connecting fiber 9. 

Further, in the one embodiment, as shown in Fig. 4A, the 
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slit 18 transversally having a U-shape is arranged on the face 

17 of the optical element fixing side as the spring mechanism 
of the metal case 6. However, as shown in Fig. 48, the slit 

18 may also transversally have the u-shape. 

Further, the slit may be also formed in a shape except 
for the U-shape. For example, the slit may be formed in a shape 
of a square with one side missing or C shape. Further, at least 
one portion of the face 17 of the optical element fixing side 
may be also inclined on a side of the optical element such as 
the light emitting element 10 and the light receiving element 
11 as well as the formation of the slit. 

Further, in the one embodiment, the plural projecting 
portions 16 are arranged in the metal case 6. However, the 
number of arranged projecting portions 16 and a forming mode 
of the projecting portions 16 are not particularly limited, 
but are suitably set. Furthermore, the projecting portions 
16 can be also omitted. However, the receptacle connector 1 
can be reliably electrically conducted by one action by 
arranging the projecting portions 16 when the metal case 6 is 
attached to the receptacle connector 1. 

Further, in the one embodiment, the metal case 6 is formed 
by brass, but may be also formed by e.g., stainless steel. 

Further, in the one embodiment, the light emitting 
element 10 and the light receiving element 11 are arranged side 
by side and stored as one set . However, only the light emitting 
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element 10 may be also stored to the optical connector of the 
invention. Further, each of the number of arranged light 
emitting elements 10 and the number of arranged light receiving 
elements 11 may be also set to one and plural. 

Further, in the explanation of the above example, the 
optical connector of the invention is used in the optical 
communication within a vehicle, but can be also applied to 
various uses of the optical communication such as FA, LAN within 
a home, audio and PC. 

In the above example, the optical fiber inserted into 
the optical connector is set to the plastic optical fiber having 
1 mm in diameter, but may be also set to the plastic optical 
fiber having e.g. , 0.75 mm in diameter and the plastic optical 
fiber having e.g., 0.5 mm in diameter. The above effects of 
the optical connector of the invention can be effectively shown 
by setting the diameter of the plastic optical fiber to e.g., 
0.5 mm. 

Further, a glass optical fiber may be also used as the 
optical fiber inserted into the optical connector of the 
invention, and no kind of the optical fiber is limited. 
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